Background/Aims: Laparoscopic cholecystectomy is the standard treatment for acute cholecystitis. Percutaneous cholecystostomy is an alternative treatment to resolve acute inflammation in patients with severe comorbidities. The purpose of this study is to determine the optimal timing of laparoscopic cholecystectomy after percutaneous cholecystostomy for the patients with acute cholecystitis. Methods: This retrospective study was conducted in patients who underwent cholecystectomy after percutaneous cholecystostomy from January 2010 through November 2014. Seventy-four patients were included in this study. The patients were divided into two groups by the operation timing. Group I patients underwent cholecystectomy within 10 days after percutaneous cholecystostomy (n=30) and group II patients underwent cholecystectomy at more than 10 days after percutaneous cholecystostomy (n=44). Results: There was no significant difference between groups in conversion rate to open surgery, operation time, perioperative complications rate, and days of hospital stay after operation. However, complications related to cholecystostomy such as catheter dislodgement occurred significantly more often in group II than group I (group I:group II=0%:18.2%; p=0.013). Conclusions: Timing of laparoscopic cholecystectomy after percutaneous cholecystostomy did not influence postoperative outcomes. However, late surgery caused more complications related to cholecystostomy than early surgery. Therefore, early laparoscopic cholecystectomy should be considered over late surgery after percutaneous cholecystostomy insertion. (Korean J Gastroenterol 2015;66:209-214) 
INTRODUCTION
and is regarded as a safe and effective treatment option. 3, 4 Although LC is performed routinely as an emergent treatment option of AC, postoperative complications are still of major concern. Morbidity rates after LC in elderly patients with high surgical risk are reported to be between 14% and 46%. 5 Percutaneous cholecystostomy (PC) using ultrasonography guidance was first described by Radder 6 in early 1980s. PC is a minimally invasive technique that can be performed safely under local anesthesia. Therefore, it is an alternative treatment for AC in elderly patients with high surgical risk 7, 8 and considered a bridging procedure for surgical treatment. 9, 10 However, optimal timing of LC after PC remains unclear.
Updated Tokyo Guidelines for the Management of Acute
Cholangitis and Cholecystitis (TG13) recommends delayed cholecystectomy at three months after PC insertion for the patients with severe grade cholecystitis. 11 Conversely, several studies reported early cholecystectomy after PC insertion was also safe and had some advantages in comparison with later operation. 12, 13 Therefore, in this study, our interest is the optimal timing of LC after PC through the analysis of differences in complication rates and rate of conversion to OC according to timing of LC after PC.
SUBJECTS AND METHODS

Patients
This retrospective study was conducted in patients who were diagnosed and treated with AC at Wonkwang University needed a long period of conservative management and perioperative risk evaluation, the treatment and work-up period before surgery was usually over 10 days after PC insertion.
Therefore we compared postoperative results by dividing the patients into early and late operation group on the basis of the 10th day after PC insertion.
Percutaneous cholecystostomy
PC was performed by interventional radiologists under ultrasound guidance. A trans-hepatic approach was performed for all included patients because of the relatively low risk of bile leakage. Bile samples were obtained and sent for gram staining and culture study. Values are presented as mean±SD or n (%). Group I, patients underwent cholecystectomy within 10 days after percutaneous cholecystostomy insertion; group II, patients underwent cholecystectomy at more than 10 days after percutaneous cholecystostomy insertion. WBC, white blood cell; ASA, American Society of Anesthesiologist. a Updated Tokyo Guidelines for the Management of Acute Cholangitis and Cholecystitis (TG13) severity grading for acute cholecystitis.
Surgical technique
LC was performed by two experienced hepatobiliary surgeons using a three-trocar technique. The 12-mm laparoscope port was inserted in the infraumbilical region, and carbon dioxide gas injected into the intraperitoneal cavity to maintain an intra-abdominal pressure of 10-12 mmHg. Another two trocars (5 mm) were inserted in the epigastric area and the right subcostal area. 
Statistical analysis
RESULTS
Clinical characteristics
There was no significant difference in clinical characteristics between groups including preoperative ASA score (Table 1) . Most of the patients had comorbid conditions, with hypertension the most common comorbidity. There was no significant difference in comorbid conditions and anticoagulant use between groups (Table 1) .
Complications associated with percutaneous cholecystostomy insertion
Median time to cholecystectomy after PC insertion was 6 days (range, 2-10 days) in group I and 23 days (range, 11-38 days) in group II. Significantly more complications associated with PC insertion occurred in group II (18.2%) than in group I (0%) (p=0.013; Table 2 ). Catheter related complications developed in eight patients in the delayed group at median 17.5 days (range, 13-27 days) after PC insertion. The most com- Values are presented as mean±SD or n (%). Group I, patients underwent cholecystectomy within 10 days after percutaneous cholecystostomy insertion; group II, patients underwent cholecystectomy at more than 10 days after percutaneous cholecystostomy insertion. a Clavien-Dindo classification of surgical complications. Group I, patients underwent cholecystectomy within 10 days after percutaneous cholecystostomy insertion; group II, patients underwent cholecystectomy at more than 10 days after percutaneous cholecystostomy insertion. mon catheter-related complication was catheter dislodgement (11.4%) and four of five patients with catheter dislodgement developed symptoms such as fever and abdominal pain. All patients with catheter dislodgement underwent tube cholangiography or computed tomography for evaluation, and the PC was re-inserted. Bleeding and bile leakage also occurred by accidental retraction of tube at 15 days and 20 days after PC insertion.
Postoperative outcomes
We compared surgical time, days of hospital stay after 15 and TG07 has been updated and published to TG13. According to TG13, early LC within 72 hours since the onset of symptoms is preferable to delayed cholecystectomy. 16 Early LC could solve the problem immediately, result in a shorter hospital stay and earlier return to daily activities. 17 However, although LC is widely performed as a safe emergency procedure for AC, several studies find that elderly patients undergoing emergency LC have high mortality and morbidity rates. 5, 18 The incidence of gallstone disease increases with age, 19 and comorbid diseases are frequent in elderly patients. Therefore, LC is a challenging procedure for AC in elderly patients, especially those with comorbid diseases and high surgical risks.
In TG13, optimal treatment for AC was categorized according to the severity grade of cholecystitis. 16 Early LC was pre- PC using ultrasonographic guidance was first described by Cholecystectomy is often performed following PC after intervals of several days, 12, 20 although performing a cholecystectomy over two weeks later is also common. 21 In general, early LC following PC is preferred when the patient's condition improves and the patient is confirmed to have no comorbid disease with high surgical risk. In TG13 management bundles for AC, 11 In this study, we inserted PC in the patients who were taking anticoagulant drugs or those who had high surgical risk due to comorbid conditions. After PC insertion, we determined the surgery timing after considering the half-life of the drugs and time necessary for evaluating surgical risks.
Hence, we compared the results by dividing the patients into two groups on the basis of the 10th day, the minimal time for improving patient condition and evaluating surgical risk.
There was no difference between groups in comorbid conditions that could affect surgical outcome. In this study, we compared the surgery time, hospital stay after cholecystectomy, conversion rate to open surgery, and perioperative complications between early and delayed groups to compare post-surgical outcome. There was no significant difference.
However, catheter-related complications were significantly more frequent in the delayed group (18.2%) than in the early group (0%) (p=0.013). In the delayed group, median time to surgery after PC was 23 days. Maintaining a catheter over 20 days caused inconvenience in daily life, and catheter management was difficult for the patients, especially for the elderly. Catheter-related complications mainly occurred more than 10 days after PC insertion, causing patient complaints, longer hospital stay and higher cost. We suggest that early LC within 10 days after PC insertion is preferable if the patient condition improved and preoperative evaluation and management were completed.
However, there are several limitations to this study. This study was a retrospective study and included a small number of patients. Further reliable studies such as randomized controlled trials or large cohort will be needed.
In conclusion, the timing of LC after PC did not influence postoperative outcomes, but late LC could cause more catheter-related complications, resulting in longer hospital stay and costs. Therefore, early LC following PC insertion should be considered with priority over late LC.
